Abstract: Several TAAFS (tetraalkylammonium hexafluorosilicates) with different cations were synthesized. Their thermal properties were studied showing that obtained complexes are stable enough to be suitable for electrochemical deposition of silicon coatings under temperatures at least up to 200 °C.
Introduction
Currently, there is strong interest in the use of cationic and anionic organic complexes for the production of films and coating of metals and nonmetals at relatively low temperatures (between 10 °C and 150-200 °C) [1, 2] .
TAAFS (tetraalkylammonium hexafluorosilicates) can also be precursors for silicon films. In Refs. [3, 4] , unsuccessful attempts are described of coatings electrodeposition from TAAFS containing organic solvents. It is probable to obtain them from the low-temperature molten mixtures of TAAFS with organic cations fluorides and other salts.
The present article is the first part of the work devoted to discovery of electrochemical methods of silicon coatings deposition from low-temperature ion-organic melts. To this end, we have synthesized a series of complexes mentioned below, have studied their structure by XRD (X-ray diffraction), IR (infrared radiation) and NMR (nuclear magnetic resonance) spectroscopy methods; their thermal properties were also studied by DTA/DSC (differential thermal analysis/differential scanning calorimetry) method.
Experimental Sections
Synthesis was carried out as follows: 1 .  Through  exchange  reactions  in  tetraalkylammonium  halide  and  ammonium  hexafluorosilicate mixture; 2. Through reaction of the corresponding quaternary ammonium base and hexafluorosilicate acid in equimolar ratio.
Starting materials (tetraalkylammonium halides) were prepared by reactions of the corresponding tertiary amines with alkyl halides in acetonitrile, isopropyl alcohol, and mixtures thereof. Quaternary ammonium bases obtained in the form of their aqueous solutions by interactions of the corresponding quaternary tetraalkylammonium halides with wet silver oxide. Concentrations of the bases obtained were determined by titration.
Ion Exchange between Tetraalkylammonium Halide and Ammonium Hexafluorosilicate
Into a reactor equipped with a magnetic stirrer, thermometer, and reflux condenser, absolute acetonitrile, ammonium hexafluorosilicate and tetraalkylammonium chloride were placed, respectively. The reactor was placed into a thermostatic bath and held at a temperature 70-80 °C for 4-10 h. R 1 R 2 R 3 R 4 NCl + (NH 4 ) 2 SiF 6 R 1 R 2 R 3 R 4 NSiF 6 + 2NH 4 Cl After cooling to room temperature, the mixture was filtered and purified by chromatography with silica gel column. The solvent was eliminated under reduced pressure and a temperature of 50-70 °C. The residue was treated with absolute benzene, the product was filtered and dried in vacuo (10 -2 Torr) at a temperature 70-80 °C.
Reaction of Quaternary Ammonium Base with Hexafluorosilicate Acid
Interaction between the corresponding ammonium base and the hexaflourosilicate acid was carried out in an aqueous medium at a temperature of 0-10 °C. R 1 R 2 R 3 R 4 NOH + H 2 SiF 6 R 1 R 2 R 3 R 4 NSiF 6 + H 2 O Into the beaker equipped with a magnetic stirrer and a thermometer, an aqueous solution of fluorosilicate acid was poured, and an aqueous solution of suitable tetraalkylammonium base was added dropwise with vigorous stirring. Process temperature was 5-10 °C. The solution was evaporated under 2 mm Hg and 20 °C. To the residue, acetonitrile was added, and the resulting solution was passed through a column filled with the calcined (350-400 °C) neutral alumina. The solvent was removed under reduced pressure. To the residue, benzene was added, crystalline product was filtered and dried in vacuo (10 -2 Torr) at 70-80 °C.
Three crystalline TAAFS were synthesized and studied as having the following structures: (Me 2 Et 2 N) 2 SiF 6 ; (Me 3 iPrN) 2 SiF 6 ; (MeEt 3 N) 2 SiF 6 .
Results and Discussion

Obtained TAAFS NMR Spectra
The structure of these complexes was studied using 1 (s, 6F).
Obtained TAAFS IR Spectra
Investigation of the obtained compounds structure was also performed by IR spectroscopy method using the UR-10 spectrometer. Vibrations within the range 800-1800 cm -1 refer to the structure of the quaternary ammonium cation. Thus, the obtained structures are corresponding to the compound with SiF 6 -like coordination.
Obtained TAAFS XRD Study
XRD analysis data of the synthesized fluorosilicate organic salt complexes have shown the formation of crystalline compounds belonging to the cubic system.
However, in our case, "degree of crystallinity" of hexafluorosilicate complexes increases in the following order of cations: dimethyldiethyl-< triethylmethyl-< trimethylisopropyl-.
Lattice parameter for trimethylisopropyl derivative has the value a = 9.61 ± 0.03 Å. It should be noted that ammonium fluorosilicate can also form a cubic structure with the lattice parameter a = 8.397 Å. This value of the lattice parameter is higher than that of ammonium fluorosilicate and much less then that for NbF 6 -containing triethylisopropylammonium complex (a = 15.05 ± 0.09 Å).
Obtained TAAFS Thermal Properties
The study of the obtained fluorosilicates thermal properties was performed using the thermal analyzer STA 449 F1 Jupiter (Netzsch, Germany).
Temperatures of the beginning of thermal decomposition of the studied complexes were close to each other (~270-280 °C, Fig. 1 ) which means that energies of the cation-anion ionic bonds are practically identical and do not depend on (or differ only slightly with) the structure of the cation.
The process of thermal decomposition of the obtained complexes appears to be represented by the following scheme, typical for inorganic complexes of the NH 4 + , Li + , Na + , K + ) cations:
(R 1 R 2 R 3 R 4 N) 2 SiF 6 2R 1 R 2 R 3 R 4 NF + SiF 4 ↑ The accumulation of quaternary simple fluoride during thermal decomposition is indirectly confirmed by the formation of solidified melt after the thermal analysis (Figs. 2 and 3) . Calculated loss of mass in Fig.  1 at 100-140 °C was consistent with dehydration of monohydrate followed by reactions of products of thermal hydrolysis. DSC peaks at Fig. 3 are probably caused by minor phase transitions.
Thus, the initial complex composition change during thermal decomposition leads to the formation of the binary system "tetraalkylammonium fluoridetetraalkylammonium fluorosilicate" which obviously results in the formation of lower temperature melts. Similar properties were published earlier for inorganic alkali metals fluorosilicates.
In general, the fluorosilicate complexes studied show sufficiently high thermal stability even within inorganic compounds series which decomposition temperatures are as follows: (NH 4 ) 2 SiF 6 -175 °C, Li 2 SiF 6 -450 °C, Na 2 SiF 6 -650 °C, K 2 SiF 6 -790 °C.
Conclusions
Thus, the use of such background melts to produce silicon coatings at temperatures at least up to 200 °C is fully justifiable by their respective thermal stability. 
